The N-doped TiO 2 /CdS nanocomposite films have been prepared through a successive ionic layer adsorption and reaction (SILAR) method on the N-doped TiO 2 thin films with cadmium nitrate as Cd source and sodium sulphide as S precursor. The SILAR cycle was varied to study the CdS layer formation and its influence to the properties of resulted nanocomposite, i.e. 1, 5, 10, 25, and 50 cycles, respectively. The resulting materials were characterized using X-ray Diffraction (XRD), UV-Vis Spectroscopy, and Scanning Electron Microscopy (SEM). The result showed that the higher SILAR cycle resulted in a smaller CdS crystallite size and a higher band gap energy. The higher SILAR cycle was also provided the more intense response in visible light area. The prepared N-doped TiO 2 /CdS nanocomposite films were then applied in the quantum dots-sensitized solar cells (QDSSC) system. The solar cells performa test showed that there is an optimum cycle resulting in a highest power conversion. The quantum dot solar cells based on N-doped TiO 2 /CdS nanocomposite prepared with 25 cycles provided the highest performa with overall efficiency of 8.3%. Thus, by varying the cycle number in the SILAR synthesis process, it is easy for tuning the nanocomposite properties that fulfill the requirements as sensitized-semiconductor material in the solar cell system.
INTRODUCTION
The solar light-to-electricity conversion by photovoltaic technology offers an ideal problem solving for currently energy crisis because of the highly dependent on fossil fuel energy. Beside its unrenewable source, the use of fossil energy results in many serious environmental problems worldwide 1 .
The dye-sensitized solar cells (DSSC) based on nanocrystalline TiO 2 has established an alternative concept to conventional solar cells owing to its low-cost production and high conversion efficiency 2 . DSSC system has successfully obtained an overall power conversion efficiency of 12%, but it is still having problems for commercial application due to the dye sensitizer and liquid electrolyte degradations causing the lower of solar cell efficiency and stability. The use of tandem semiconductors in the solar cells system became one of promising solutions to prevent the problems appeared from the dye degradation 3 . Inorganic quantum dots (QDs) semiconductors can serve as sensitizer instead of dye followed by some advantages: high light absorption in the visible region, great stability, an effective band gap that can be controlled by the QDs size, the possibility for multiple exciton generation, and the utilize of hot electron whose having higher energy than TiO 2 conduction band 4 . The small band gap semiconductors such as CdS, CdSe or CdTe have been used to sensitize TiO 2 in the QD-sensitized solar cells (QDSSC) and has successfully increased the visible light absorption of TiO 2 . Among those QDs, CdS has been receiving much attention because it has a high established relationship between the optical absorption and the size of the particle 5 . The QDSSC conversion efficiency has reached around 8% at present 6 , being lower than the DSSC efficiency but it is highly potential to increase the efficiency of the QDSSC system by tuning several properties of quantum dots. In order to be applied in the solar cell system, it is desirable for preparing semiconductor nanoparticles which have appropriately functionalized with different size and optical properties.
The QDSSC based on wide band gap semiconductors, such as TiO 2 , has demonstrated a promising commercial technology in solar cell application. However, TiO 2 is not ideal semiconductor for solar cell photoanode due to its nature intrinsic band gap (around 3-3.4 eV) which means TiO 2 has a weak absorption of visible light 7 . Doping TiO 2 is one of the most promising approaches to increase its visible light response. Asahi et al., 8 firstly reported that N-doped TiO 2 films prepared by sputtering method showed significance visible light absorption at wavelengths less than 500 nm related to the band gap narrowing by mixing of N 2p states with O 2p states. The application of N-doped TiO 2 in the DSSC has significantly improved the efficiency and stability of DSSC 9, 10 . So far, both doping of TiO 2 and quantum dot sensitization have been explored separately for solar cells applications, while combining the two approaches has not been reported yet. In this work, we develop CdS quantum dot sensitization with nitrogen-doping of TiO 2 and its application in QDSSC system. In N-doped TiO 2 /CdS nanocomposite, CdS acts as a visible sensitizer and N-doped TiO 2 being a wide band gap semiconductor that is responsible for the charge separation process. Therefore, the prepared N-doped TiO 2 /CdS nanocomposites thin films can effectively capture the visible light and transfer the photogenerated electrons into the N-doped TiO 2 conduction band, and started the electrical flows. In this work, the N-doped TiO 2 /CdS nanocomposite films have been fabricated by the successive ionic layer adsorption and reaction (SILAR) method as a relatively simple technique for large scale uniform coating to produce clean, dense and strong adhesion to substrate thin films. 
MATERIALS AND METHODS

Materials
Methods
The N-TiO 2 has been synthesized following the method reported previously 11 . The prepared N-TiO 2 nanocrystalline was then applied on ITO glass substrate through doctor blading method and was calcined at 450 o C to obtain N-TiO 2 thin film. The CdS quantum dots were synthesized directly on the N-TiO 2 thin film surface by SILAR method as follows; the N-TiO 2 thin film was immersed in 0.2 M Cd(NO 3 ) 2 solution for 1 min. then washed with aquadest before further immersing in 0.2 M (NH 4 ) 2 S solution for 1 min. and again washed with aquadest to remove the impurities materials. The process was called as one cycle and the N-TiO 2 was sensitized by CdS quantum dots with the cycle variation. The prepared CdS-sensitized N-TiO 2 was then applied in QDSSC system and the performance of the QDSSC was measured as inscident photon to current efficiency (IPCE) and light to electricity conversion efficiency. To fabricate the QDSSCs, the N-doped TiO 2 /CdS thin film TiO 2 was assembled with the Pt-counter electrode (CE) between the active areas. The electrolyte solution was introduced through drilled hole on CE by capillary action, and the hole was then sealed. .
To study the structure of resulted materials, the corresponding difractograms were recorded using a Rigaku Miniflex 600 40 kW 15 mA Benchtop Diffractometer, CuKα, λ=1.5406 Å at scan rate of 2 o /minute.
To study the electronic structure of CdS/NTiO 2 nanocomposites, the light absorbances were recorded using UV-Vis Spectroscopy with diffuse reflectance of Shimadzu, UV-2550 model.
RESULTS AND DISCUSSION
The N-doped TiO 2 /CdS nanocomposite films have been successfully synthesized on the N-TiO 2 thin film surface through SILAR method with 1, 5, 10, 25, and 50 cycle's variation resulted in CdS/N-TiO 2 nanocomposites. o corresponding to planes of (111), (220), (311), and (400), respectively, indicating the similar cubic structure of CdS as reported by Dhage et al., 14 and that of ZnS as reported by Soltani et al., 15 . The patterns also showed the peak of N-TiO 2 nanocrystalline that appeared at around 2q of 25. 16 . The diffractograms showed that there is not much peak change on the 5 cycles comparing to the pure N-TiO 2 (0 cycle), while on 50 cycles, the higher peak intensity might be associated with the higher amount of CdS on N-TiO 2 surface. The crystal size of both CdS and N-TiO 2 as estimated from Scherrer equation, are listed in Table 1 . The result showed that all CdS synthesized on N-TiO 2 are quantum dots size. It was also found that the cycles applied in the synthesis process highly affect the crystal structure of CdS/N-TiO 2 nanocomposites. The more cycles lead to the lower CdS crystal size, while crystallite size of N-TiO 2 was not significantly changed. It might be because the more cycles formed higher CdS quantum dots on the N-TiO 2 surface, so it leads to the rearrangement of CdS quantum dots providing the lower particle size. In contrast to the smaller particle size with the more cycle synthesis process applied, it was also found that the more synthesis cycles resulted in smaller lattice parameter of the cubic crystal structure as listed in Table 1 . The XRD patterns confirmed that both CdS and N-TiO 2 retained their identity as shown in both crystal structures and peaks appeared in all XRD patterns except on pure N-TiO 2 . It means the resulted N-doped TiO 2 /CdS system is a nanocomposite material 17 .
The absorption spectra of cycle's variation on CdS/N-TiO 2 synthesis are shown in Fig. 2 . The analysis of the typical bands together with colors may be seen in Table 2 . It was clearly shown that the CdS addition on the N-TiO 2 resulted in a visible active response, which the higher cycles on CdS synthesis provided higher increase on absorption and wider red-shift absorption bands (smaller band gap energy/ Eg). It happened because the higher cycles resulted in the more CdS amount leading to the higher visible light response. The higher CdS amount could be also identified phisically from the deeper dark yellow intense color from the higher cycles applied ( Table 2 ). The formation of CdS on N-TiO 2 surface greatly enhances the visible light response, so the resulted CdS/N-TiO 2 materials are highly potent to use as photoanode in solar cells system. The surface morphology of CdS/N-TiO 2 nanocomposites were evaluated using Scanning Electron Microscopy. The micrographs of N-TiO 2 and CdS/N-TiO 2 with 50 cycles are shown in Fig. 3 . The N-TiO 2 micrographs (black region) seemed to show the porous nature of the N-TiO 2 as a requirement for the electrode better adhesion in solar cell system, which was in fact to be true in preparing the electrode. The cross sectional micrographs indicated that the application of 50 cycles SILAR synthesis on N-doped TiO 2 thin film led to the adsorption of CdS on the N-doped TiO 2 as rough surface changed to smoother packed surface and the width of the film changed from around 55 µm to around 66 µm. The existence of cubic CdS can also be identified on the N-TiO 2 surface.
To study the effect of SILAR cycles on the photoelectrochemical properties of the resulted materials, we applied N-TiO 2 /CdS nano composites in the solar cells system. The solar cells performa was analyzed as I-V measurements (Fig. 4) and the overall efficiency (Table 3) . From the I-V characteristics, it can be shown that these nanocomposites exhibit much higher efficiency compared to N-TiO 2 only, being 4.5-8.3% with fill factors of 0.34-0.54. Within the cycles, the 25-SILAR cycle provided the best efficiency while the 1 and 50 cycles gave a lower efficiency even from the 5-SILAR cycles. It might be caused the higher CdS amount resulted in a low band gap energy which was easily to provide CdS as a center recombination which was then decreasing the overall solar cells performa. In general, these nanocomposites also exhibit much higher efficiency compared to the fluorine-dopedtin oxide (FTO) of FTO/TiO 2 /CdS bilayers systems which was only 0.78% with fill factor of 0.4018, and to the CdS/TiO 2 -nanorod and CdS/TiO2-nanorod/g-C 3 N 4 , which were to be 1.67-2.31% with fill factors of 0.43-0.5119. However, this is slightly less than that recently reported by Wang et al., 20 for different material, being 9.02% for Zn-Cu-In-Se QDSCs. 
CONCLUSION
Nanocomposites of N-TiO 2 /CdS quantum dots have been successfully synthesized by SILAR method with the particle size of CdS is around 8 nm. The SILAR cycle was significantly influenced the visible light response, which the higher cycle applied in the synthesis provided higher red-shift absorption edge. The quantum dot solar cells based on N-doped TiO 2 /CdS nanocomposite prepared with 25 cycles provided the highest solar cell performa with overall efficiency of 8.3% with fill factor of 0.54.
